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(57) A low-pressure mercury vapor discharge lamp 
(lO-i) includes a translucent airtight container (1), a pair 
ot electrodes (2) and (2') mounted in the airtight con- 
tainer (1) and arranged at both ends and so that a dis- 
tance of one of the electrodes from the sealing portions 
(1a) and (la') becomes longer than that of the other 
electrode, a mercury emission body (5) filled in the air- 
tight container and discharge medium including mer- 
cury discharged from the mercury emission body (5) 

101 



and inert gas. A cold spot is formed at one sealing por- 
tion (la) of the low-pressure mercury vapor discharge 
lamp (10) and mercury is filled by the mercury emission 
body <5) and therefore, there is almost no excess mer- 
cury existing in the tube (1), luminous flux starts up fast, 
mercury collected in the cold spot scarcely moves to 
other portion, and the lamp characteristic is stabilized. 
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Description 

Technical Field 

[0001] The present invention relates to a low-pres- 
sure mercury vapor discharge lamp equipped with a 
pair of electrodes arranged in different distances from 
both ends of an airtight container and a lighting system. 

Background Art 

[0002] It is known that a low-pressure mercury 
vapor discharge lamp represented by a fluorescent 
lamp that lights at the most high efficiency when mer- 
cury vapor pressure in the bulb is about 0.8 Pa. The cold 
spot temperature of the bulb wall at this time is about 
40°C. 

[0003] On the other hand, a lamp that is lighting at 
a high atmospheric temperature or a lamp that has high 
inner wall load of the lamp bulb (input power per surface 
area of the bulb) is used at low efficiency because its 
temperature at the cold spot temperature of the bulb 
wall exceeds about 40°C. As a measure to improve effi- 
ciency of a lamp lighting at a high temperature of the 
cold spot, there is a method to fill amalgam, which is an 
alloy of mercury with other metal, in a bulb and lower 
mercury vapor pressure to about 0.8 Pa in the high tem- 
perature state. This method is adopted principally for 
compact self ballasted fluorescent lamp, etc. 
[0004] However, there is such a problem that when 
amalgam is applied to ordinary fluorescent lamps, mer- 
cury vapor pressure drops too low when starting, in par- 
ticular at a low temperature, and the startup of luminous 
flux becomes worse. As a measure to solve this prob- 
lem, a method to improve lighting efficacy by forming a 
cold spot of a lamp bulb positively, lowering a tempera- 
ture at one of the ends of the lamp, taking a large dis- 
tance from one of the electrodes arranged at both ends 
of a lamp and filling pure mercury as disclosed in, for 
instance, Published. Unexamined Japanese Patent 
Application No. 267501/1994 is known. 
[0005] However, it was revealed that according to a 
method to make a distance from the end of one of the 
electrodes as before, the lamp characteristic including 
total luminous flux is not stabilized until mercury is col- 
lected to the cold spot that is formed at one of the ends. 
[0006] Further, even if mercury was collected to the 
cold spot and the lamp characteristic was stabilized, 
mercury may move from the cold spot to other portion 
by a vibration applied to the lamp, etc. and the charac- 
teristic may be turned to the unstable state again. 
[0007] In recent years, fluorescent lamps that are 
lighted with lighting efficiency above a certain level at a 
large lighting output in lighting devices that are used at 
a high ambient temperature are progressively devel- 
oped, and this problem becomes important more and 
more as a result of the revision of "Law relative to ration- 
alization of use of energy", in March, 1999. 



[0008] The present invention was made in view of 
the above-mentioned problem and it is an object to pro- 
vide a low-pressure mercury vapor discharge lamp 
capable of improving the startup of luminous flux and 
5 reducing a time until lamp characteristic is stabilized 
and a lighting equipment. 

Disclosure of Invention 

w [0009] A low-pressure mercury vapor discharge 
lamp comprises a translucent airtight container, a pair of 
electrodes filled in this airtight container at both ends 
and so arranged that a distance of one electrode from 
the end becomes longer than that of the other electrode, 

is a mercury emission body filled in the airtight container, 
and discharging medium including mercury vapor dis- 
charged from the mercury emission body and inert gas. 
[0010] Further, a translucent airtight container of 
the low-pressure mercury vapor discharge lamp of the 

20 present invention can be any tube provided that it is able 
to transmit ultraviolet rays or visible rays discharged 
from a fluorescent membrane formed in the airtight con- 
tainer and separate the discharge from the ambient 
atmosphere and envelope in the inside, and its material, 

25 shape and dimensions are not restricted. Generally, for 
reasons of environmental adaptability, economy and 
workability, soda lime glass is used in many cases. Fur- 
ther, for general lighting use, an airtight container in 
slender and tubular shape is used in many cases. 

30 [001 1 ] A hot-cathode equipped with a filament coil 
is normally used as an electrode. However, cold-cath- 
ode, ceramic electrode having electronic radiation 
material and any other materials are usable in this 
invention. 

35 [0012] The electrodes are arranged at more than 
certain distance away from the ends supported by lead 
wires, etc. Lead wires supporting the electrodes may be 
filled in the container according to such a method as a 
pinch seal to directly fix the lead wires, etc. in addition to 

40 lead wires attached to flare stems or button stems 
attached to the ends of the container. 
[0013] The arrangement of a pair of electrodes in 
different lengths from respective ends means a struc- 
ture that the lengths between respective ends and the 

45 electrodes are made different to form the cold spot 
between the ends and the electrodes. 
[001 4] Mercury as a discharge medium can be filled 
in the form of pure mercury or amalgam. The filling 
method and amount of use can be according to a usual 

so way. Normally, Argon (Ar) is used principally for inert 
gas. However, Neon (Ne), Krypton (Kr) and Xenon (Xe) 
can be used independently or in mix. The known range 
of filling pressure is applicable to inert gas. 
[001 5] The mercury emission body carries mercury 

55 before filling into the container and after filled, it is able 
to emit mercury into the container. Various methods, for 
instance, a means to make an alloy of mercury with 
other metals, a method to adsorb mercury in other 
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materials physically or chemically, or a method to con- 
tain mercury in a small container in a size that can be 
filled in the container are considered for carrying mer- 
cury. However, any method is usable provided that mer- 
cury can be contained in a desired container. 
[0016] Regarding a time required for mercury col- 
lected to the cold spot formed at one end, it was con- 
firmed by experiments conducted by the inventor that it 
relates to an amount of mercury filled in the container. 
Further, it was also revealed that a phenomenon that 
mercury collected to the cold spot moves to other por- 
tion from the cold spot by vibration, etc. will appear 
when an amount of filled mercury is much and that mer- 
cury scarcely moves in case of a lamp with an amount 
of mercury filled needed only for lighting and does not 
affect the lamp characteristic. In other words, a time for 
excess mercury in the container to be collected to the 
cold spot is delayed and mercury moves to other place 
from the cold spot. 

[0017] According to the present invention, the cold 
spot is formed at one end and mercury is filled by the 
mercury emission body and therefore, almost no excess 
mercury exists in the container, luminous flux starts up 
fast, mercury collected to the cold spot scarcely moves 
to other portions, and the lamp characteristic is stabi- 
lized. 

[0018] Further, the startup of luminous flux referred 
to here does not imply such a temporary rise of lumi- 
nous flux that luminous flux once rises after lighting a 
lamp, mercury vapor pressure also rises continuously 
while exceeding the maximum efficacy with subsequent 
temperature rise and luminous flux drops but it indicates 
the stable startup of luminous flux in a short time. 
[0019] Further, in the low-pressure mercury vapor 
discharge lamp of the present invention, the airtight 
container is characterized in that it is in a ring type. 
[0020] According to the present invention, it is pos- 
sible to improve lighting efficacy of a ring type fluores- 
cent lamp that is used mainly in a house lighting device 
and stabilize the lamp characteristic at the time of star- 
tup. 

[0021] Further, in the low-pressure mercury vapor 
discharge lamp, the mercury emission body is charac- 
terized in that it is arranged at one electrode side. 
[0022] Although a method to arrange the mercury 
emission body is not specially restricted, such methods 
as to house it in a thin tube arranged at one electrode 
side, to fix it with such a member as glass, etc. are enu- 
merated. When the mercury emission body is of heating 
and fusing type, it may be fixed at a desired point on the 
inner surface of the container by heating. 
[0023] According to the present invention, it 
becomes possible to easily collect mercury to the cold 
spot formed at one end by utilizing the action of mercury 
adsorbing force of mercury left in the mercury emission 
body or the mercury emission body and thus, the star- 
tup of luminous flux becomes more fast and the lamp 
characteristic is stabilized more certainly. 



[0024] Further, in the low-pressure mercury vapor 
discharge lamp of the present invention, the mercury 
emission body is characterized in that it is arranged at a 
point below one of the electrodes when the discharge 

5 lamp is mounted in a lighting device. 

[0025] According to the present invention, the cold 
spot is formed at a point below the electrode where the 
mercury emission body is arranged at the time of hori- 
zontal lighting and therefore, it becomes possible to uti- 

io lize the action of the mercury adsorbing force of the 
mercury emission body certainly when mercury is col- 
lected to the cold spot. 

[0026] Further, the low-pressure mercury vapor dis- 
charge lamp of the present invention is characterized in 

75 that it is provided with a first and a second ring type con- 
tainers which are mutually in different diameters and 
positioned in the concentric circle state on the same 
plane surface; a first and a second electrodes provided 
at one ends of the first and the second ring type contain- 

20 ers; a bridge formed through a discharge space at a 
point away from the other ends of the first and the sec- 
ond ring type containers so that the electric discharge is 
taken place between the first and the second elec- 
trodes; a no discharge path formed area that is formed 

25 between the bridge and other ends of the ring type con- 
tainer; a mercury emission body filled in the ring type 
container so that it is arranged in this no discharge path 
formed area; and a base to cover a part of one end and 
the other end of the ring type container. 

30 [0027] According to the present invention, it is pos- 
sible to improve the lighting efficacy of a double ring 
type fluorescent lamp that is used mainly in a lighting 
device for house use and stabilize the lamp characteris- 
tic at the time of startup. 

35 [0028] Further, the low-pressure mercury vapor dis- 
charge lamp of the present invention is characterized in 
that it is provided with a first and a second straight tubu- 
lar containers that are provided parallel to each other, a 
first and a second electrodes provided at one end of 

40 these first and the second straight tubular containers, a 
bridge formed through a discharge space at a point 
away from the other ends of the first and the second 
straight tubular container so that an electric discharge is 
taken place between the first and the second elec- 
ts trodes, a no discharge path formed area that is formed 
between the bridge and the other end of the ring type 
container, a mercury emission body filled in the first or 
the second straight tubular container so as to be 
arranged in this no discharge path formed area, and a 

so base to cover one end of a straight tubular container. 
[0029] According to the present invention, it is pos- 
sible to improve the lighting efficacy of a compact type 
fluorescent lamp that is used mainly for light devices for 
houses, facilities and shops and stabilize the lamp char- 

55 acteristic at the time of startup. 

[0030] Further, in the low-pressure mercury vapor 
discharge lamp of the present invention, the mercury 
emission body is characterized in that it is a pellet shape 
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alloy comprising mercury and at least one kind of a 
group of Bi, Zn, Sn, Pb, Ag, In, Cu and Sb. 
[0031] According to the present invention, mercury 
can be filled in a container according to a relatively sim- 
ple method. Further, depending on kind of alloy, mer- 
cury vapor pressure can be controlled to a desired 
characteristic. 

[0032] Further, in the low-pressure mercury vapor 
discharge lamp of the present invention, the mercury 
emission body is characterized in that it is a porous pel- 
let medium made of at least one kind out of a group 
comprising silica, alumina, titania, iron and glass, with 
mercury impregnated. 

[0033] A porous medium that is an aggregated mat- 
ter comprising electrolytic separated iron (Fe) that was 
obtained by immersing an iron electrode in mercury and 
hardened in a rod shape by applying the mechanical 
pressure is suited. 

[0034] According to the present invention, mercury 
can be filled in a container according to a relatively sim- 
ple method. 

[0035] Further, in the low-pressure mercury vapor 
discharge lamp of the present invention, the mercury 
emission body is characterized in that its metallic sub- 
strate surface is coated with a titanium-mercury alloy. 
[0036] For the mercury emission body referred to 
here. Commodity Name "GEMEDIS made by SAES 
Getters Inc., etc. are usable. By arranging this mercury 
emission body around the electrodes, it is possible to 
emit mercury by such a means as high frequency induc- 
tion heating. 

[0037] According to the present invention, mercury 
can be filled in a container according to a relatively sim- 
ple method. 

[0038] Further, in the low-pressure mercury vapor 
discharge lamp of the present invention, the mercury 
emission body is characterized in that it is a capsule 
containing mercury in the readily emitting state. 
[0039] According to the present invention, mercury 
can be filled in a container according to a relatively sim- 
ple method. 

[0040] Further, in the low-pressure mercury vapor 
discharge lamp of the present invention, the airtight 
container is characterized in that a fluorescent mem- 
brane is formed therein and lights at a inner wall load of 
lamp bulb 500 W/m 2 or above. 

[0041] Already known various fluorescent materials 
are usable for the fluorescent membrane and for 
instance, halo-phosphate phosphor, three wavelength 
luminescence type rare earth metal phosphor, etc. are 
usable for fluorescent lamps for general use. In addition, 
needless to say, any fluorescent materials are usable 
according to use and grade of fluorescent lamps. 
[0042] The definition of the inner wall load of lamp 
bulb is the lamp input electric power per surface area of 
the inner surface of a container opposing an electric dis- 
charge path and the inner surface of a container at the 
portion wherein no discharge path is formed is 



excluded. 

[0043] According to the low-pressure mercury 
vapor discharge lamp of the present invention, it is pos- 
sible to provide a high load type fluorescent lamp having 
5 the fast startup of luminous flux and the stabilized lamp 
characteristic. 

[0044] Further, the low-pressure mercury vapor dis- 
charge lamp is characterized in that the length of the 
mercury diffusion route from the cold spot formed in the 

io container to the end of the container most far away 
therefrom is more than 400 mm, an amount of filled 
mercury for each mercury diffusion route is less than 6 
mg within the range of length of the mercury diffusion 
route 400-500 mm and when the length of the mercury 

rs diffusion route is more than 500 mm, the relationship of 
M ^ 2800/S is satisfied, where S is a surface area of the 
bulb (cm 2 ) and M is a filled amount of mercury for each 
mercury diffusion route (mg). 

[0045] The reason for why a time is required for 

20 mercury to collect to the cold spot formed in the con- 
tainer relates to a filling amount of mercury was 
described in the above. Here, it is found that the upper 
limit value of this filling amount of mercury is depending 
on the length of the mercury diffusion route and the 

25 inner surface area of the container. In other words, the 
movement of mercury is a phenomenon of mercury 
vapor being diffused to a low vapor pressure area in the 
container. If the mercury diffusion route of a container is 
long, a time needed for excess mercury to move 

30 becomes long and therefore, an amount of mercury to 
be fill must be adjusted according to a length of the mer- 
cury diffusion route. Further, if a diameter of a container 
is small and its length is long, it is hard for mercury 
vapor to diffuse and therefore, an upper limit of a mer- 

35 cury filling amount in inverse proportion to an inner sur- 
face area calculated from a diameter and a length of a 
container is demanded. 

[0046] When the startup stability characteristic was 
measured by the inventor by varying a filling amount of 

40 mercury of various low-pressure mercury vapor dis- 
charge lamps, it was confirmed that a numerical value 
obtained by dividing an coefficient of correction 2800 
with an inner surface area S (cm 2 ) of a container can be 
stipulated for a mercury filling amount M (mg). However, 

45 there is an exception; that is, when the length of the 
mercury diffusion route is within a range of 400-500 
mm, readiness of diffusion of mercury vapor is satisfac- 
tory at around the upper limit value of the mercury filling 
amount obtained from the relationship between the 

so coefficient of correction and the inner surface area S; 
however, amount of mercury becomes rather excess 
against the capacity of a container and an adverse 
effect to the discharge with the movement of granulated 
mercury when the blackening is generated by excess 

55 mercury and vibration is applied is considered and 
therefore, it is necessary to stipulate a mercury filling 
amount to be below an absolute amount. It was con- 
firmed by the tests that these defects would not be gen- 
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erated when a mercury filling amount is below 6 mg 
within the range of the length of the mercury diffusion 
route is 400-500 mm. Further, it was also confirmed that 
in case of the discharge lamps of which mercury diffu- 
sion route lengths are less than 400 mm, if mercury in 5 
amount (preferred 5 mg or less) less than that of liquid 
mercury filled through the mercury emission body, the 
startup stability characteristic is satisfied and the 
defects mentioned above also would not be generated. 
[0047] Further the mercury diffusion route means a io 
route from one end to the other end of a container when 
the cold spot is formed at one end of a tubular container 
and means a route from the cold spot to a pair of ends 
(more than 2 ends according to a shape) of a tubular 
container when the cold spot is formed at the intermedi- is 
ate region, for instance, a non discharge path formed 
area of a tubular container. Accordingly, when the cold 
spot is formed at an intermediate region such as the no 
discharge path formed area of a tubular container, there 
are more than one mercury diffusion routes and an 20 
added value of values obtained for mercury diffusion 
routes is defined to be an upper limit value of the mer- 
cury filling amount. An inner surface area S in this case 
is also not that of the entire container but is calculated 
from a part of inner surface area of a container oppos- 25 
ing each mercury diffusion route. 
[0048] According to the present invention, it is pos- 
sible to optimize amount of mercury filled in a low-pres- 
sure mercury vapor discharge lamp having a length of 
the mercury diffusion route more than 400 mm. 30 
[0049] Further, a lighting system of the present 
invention comprises the low-pressure mercury vapor 
discharge lamp described in the above invention, a 
lighting system to stably light up this low-pressure mer- 
cury vapor discharge lamp, and a main body of the light- 35 
ing system to house the low-pressure mercury vapor 
discharge lamp and the lighting system. 
[0050] According to the present invention, it is able 
to provide a lighting system equipped with the low-pres- 
sure mercury vapor discharge lamp of the invention 
described above. 

Brief Description of Drawings 

[0051] 

FIG. 1 is a schematic sectional view showing a flu- 
orescent lamp in a first embodiment of the present 
invention; 

FIG. 2 is a graph showing the relationship between 
luminous flux and lighting elapsed time of the fluo- 
rescent lamp in the first embodiment; 
FIG. 3 is a schematic front view showing the state 
of the fluorescent lamp shown in FIG. 1 mounted in 
a lighting system; 

FIG. 4 is a plan view showing a ring type fluores- 
cent lamp in a second embodiment of the present 
invention; 



FIG. 5 is a sectional view showing the enlarged 
essential portion of the fluorescent lamp shown in 
FIG. 4; 

FIG. 6 is an enlarged sectional view of the essential 
portion showing the state of the fluorescent lamp 
shown in FIG. 4 mounted in the lighting system; 
FIG. 7 is a graph showing the relationship between 
luminous flux and lighting elapsed time of the ring 
type fluorescent lamp in the second embodiment; 
FIG. 8 is a schematic plan view of double ring type 
fluorescent lamps in a third embodiment of the 
present invention; and 

FIG. 9 is a schematic plan view of a compact type 
fluorescent lamp in a fourth embodiment of the 
present invention. 

Best Mode of Carrying Out of the Invention 

[0052] A preferred embodiment of the present 
invention will be described below referring to the 
attached drawings. 

[0053] FIG. 1 is a schematic sectional view showing 
a fluorescent lamp in a first embodiment of the present 
invention. 

[0054] A fluorescent lamp IOt in this embodiment is 
applied with input power of 24W exclusively for high fre- 
quency lighting type. 

[0055] A translucent airtight container 1 is made of 
a soda glass made long and narrow straight tube in a 
diameter about 16 mm and 549 mm long. 
[0056] A pair of electrodes 2 and 2' are of hot-cath- 
ode type with a coil filament coated with an emitter and 
separately arranged opposing each other in the airtight 
container 1 . These electrode pair 2 and 2' are sealed at 
both ends of the bulb by a flare stem (described later) in 
the bulb 1. That is, they are sealed by sealing portions 
la and 1a* formed at both ends. 
[0057] A pair of the electrodes 2 and 2* are so 
arranged that a length LI from the sealing portion 1a of 
the electrode 2 becomes longer by about 15 mm than a 
length L2. from the sealing portion 1a' of the other elec- 
trode 2'. Further, LI in this embodiment is about 35 mm 
and L2 is about 20 mm. 

[0058] A pair of lead glass made flare stems 3 and 
3' are sealed at both ends of the glass tube 1 , compris- 
ing a part of the airtight container 1, supporting and 
sealing the electrodes 2 and 2* in the airtight container 
1 . Lead wires 4 and 4' are sealed to these stems 3 and 
3' for supporting the electrodes 2 and 2\ These lead 
wires 4 and 4' are electrically connected from the out- 
side to the lamp base pins (not shown) that are con- 
nected to the sealing portions la and la' of the airtight 
container 1 . 

[0059] A mercury discharging body 5 used in this 
embodiment is Zn-Hg amalgam made in a spherical 
shape pellet in diameter about 1 mm. The mercury dis- 
charging body 5 is arranged at the root of the stem 3 at 
the electrode 2 that has a longer distance from the*end 
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of the tube 1. Further, the mercury discharging body 5 
may be arranged in a thin tube 6 that is formed on the 
stem 3 instead of arranging at the root of the stem 3. 
[0060] A fluorescent membrane 7 is formed on the 
inner surface of the tube 1. Further, the fluorescent 
membrane 7 may be formed on a protective membrane 
formed on the inner surface of the tube 1. Already 
known various fluorescent materials are usable for the 
fluorescent membrane 7 and for instance, halo-phos- 
phate phosphor, rare earth metal phosphor, three wave- 
length luminous type rare earth metal phosphor, etc. are 
usable for fluorescent lamps for general lighting. 
[0061] Next, the operation of this embodiment will 
be described. The fluorescent lamp 10-j of this embodi- 
ment and a fluorescent lamp (a trial manufactured prod- 
uct) in the same structure except pure mercury filled 
without using the mercury emission body were lighted. 
The measured results were compared. 
[0062] As a first measuring condition, a time 
required until the lamp characteristic (electric character- 
istic, total luminous flux) was stabilized after turning the 
fluorescent lamps on at the same atmospheric temper- 
ature was measured. A time required for the fluorescent 
lamp in this embodiment was 20 min, while the trial 
manufactured fluorescent lamp required 100-200 hours. 
[0063] Thus, a time needed for stabilizing the lamp 
characteristic is clearly short on the fluorescent lamp in 
this embodiment and a time for stabilizing the trial man- 
ufactured fluorescent lamp is long and fluctuation of 
luminous flux that is output during the lamp is ON 
becomes large. This is estimated because a time was 
needed until mercury condensed at the cold spot and a 
desired mercury vapor pressure was not obtained 
because excess mercury existing in the trial manufac- 
tured fluorescent lamp was much and readily movable 
to other portions. Further, as the mercury discharging 
body in this embodiment is amalgam, some mercury 
adsorbing force is presented and it is considered that 
this may be affected by the fact that mercury tends to 
condense at the sealing portion la side where this 
amalgam is arranged. 

[0064] FIG. 2 is a graph showing the result of the 
first measurement. Relative values of luminous flux are 
shown on the axis of ordinates and lighting elapsed time 
is shown on the axis of abscissas, in this graph, (i) 
shows the fluorescent lamp in the first embodiment and 
(ii) shows the trial manufactured fluorescent lamp with 
20 mg of liquid mercury filled instead of pellet. 
[0065] As can be seen from this graph, the trial 
manufactured fluorescent lamp once output the maxi- 
mum luminous flux at the elapsed time A but the output 
dropped gradually and unstable output is continued for 
a while. This is because after the temperature in the 
tube rises when the lamp is turned on and reaches the 
optimum mercury vapor pressure (about 0.8 Pa), the 
temperature continuously rises by exceeding this opti- 
mum mercury vapor pressure. Thereafter, the cold spot 
is formed at a desired point in the tube and mercury 



begins to condense but because excess mercury is 
much, mercury vapor pressure becomes unstable until 
mercury condenses completely the cold spot and lumi- 
nous flux also is not stabilized. Thereafter, the trial man- 
5 ufactured fluorescent lamp did not output light at the 
maximum luminous flux until the elapsed time C (sev- 
eral 100 hours) was reached. 

[0066] On the contrary, in case of the fluorescent 
lamp in this embodiment, as the cold spot is formed in a 

io space between the electrode 2 and the sealing portion 
la. the temperature rise is later than that of the trial 
manufacture lamp and the time B to reach the maximum 
luminous flux is slightly later than the time A. However, 
both of the elapse times A and B are an order of several 

is ten seconds and almost not affect the practical use. In 
this embodiment, as L1 is set so that the cold spot 
becomes an optimum temperature (about 40°C), the 
lamp lights at the maximum luminous flux after the 
elapsed time B. 

20 [0067] As the second measuring condition, lumi- 
nous flux generating characteristics of the fluorescent 
lamp of this embodiment and the trial manufacture fluo- 
rescent lamp were evaluated. As a result, the fluores- 
cent lamp in this embodiment was at a satisfactory level 

25 with almost no difference from the trial manufactured 
fluorescent lamp filled with pure silver and showed a 
remarkable improvement when compared with amal- 
gams having relatively low mercury vapor pressure 
characteristic such as conventional Bi-ln, etc. 

30 [0068] Further, as the temperature at the cold spot 
is controllable by varying the height L1 of the electrode 
2, it is possible to design total luminous flux of the fluo- 
rescent lamp so as to optimize it according to various 
characteristics of the fluorescent lamp. 

35 [0069] In this embodiment, amalgam pellet was 
used as the mercury discharging body 5 but pellet of 
porous medium made of titanium or glass with mercury 
impregnated is also usable. 

[0070] Further, a product of Commodity Name 
40 "GEMEDIS" with titanium-mercury alloy-coated on the 
metallic base surface provided near the electrode as a 
sealed ring may be usable as a mercury discharging 
body. 

[0071 ] Further, a thin tube 6 with a capsule contain- 
45 ing mercury for discharging mercury from the capsule 
after sealing the tube 1 is also usable as a mercury dis- 
charging body. 

[0072] FIG. 3 is a schematic front view showing the 
state of the fluorescent lamp shown in FIG. 1 mounted 

so in a lighting system. In this diagram, a lighting system 
main body 20 is provided with a pair of sockets 1 1 and 
11 to support the fluorescent lamp 10-, of the present 
invention and houses a lighting system 12 in the inside. 
[0073] Next, a ring type fluorescent lamp in the sec- 

55 ond embodiment of the present invention will be 
described referring to FIG. 4 through FIG. 6. FIG. 4 is a 
plan view of a ring type fluorescent lamp, FIG. 5 is an 
enlarged sectional view of an essential portion of the 
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fluorescent lamp shown in FIG. 4 and FIG. 6 is an 
enlarged section view of an essential portion showing 
the state of the fluorescent lamp shown in FIG. 4 
mounted in a lighting device. Further, the ring type fluo- 
rescent lamp in this embodiment is shown by simplified 
tor convenience and therefore, dimensional ratio in the 
diagram differs somewhat from an actual lamp. Further, 
the same reference numerals will be assigned to the 
same components as those in the first embodiment and 
the detailed explanation thereof will be omitted. 
[0074] The airtight container 1 is a ring, type tube 
made of soda lime glass. The airtight container 1 has an 
outer diameter in about 1 6.5 mm, thickness in about 1 . 1 
mm, ring outer diameter in about 373 mm, and ring 
inner diameter in about 340 mm. Further, the ring type 
fluorescent lamp of this embodiment is of FHC type of a 
rated lamp power 34W. 

[0075] Lead glass made flare stems 3L and 3S are 
sealed in this airtight container 1 at both ends, respec- 
tively. These stems 3L and 3S have a stem tube in outer 
diameter about 8 mm and thickness about 1.0 mm at 
the intermediate portion except the sealed portion. 
[0076] The stem 3L is sealed in the sealing portion 
1a at one end side of the airtight container 1 and the 
stem 3S is sealed in the sealing portion 1a' at the other 
end side. 

[0077] A pair of lead wires 4 and 4' and lead glass 
made thin tube 6 and 6' in outer diameter about 5.5 mm 
and thickness about 0.9 mm are penetrating through the 
stems 3L and 3S and sealed at the points projecting 
about 5-10 mm to the outside of the airtight container 1. 
The thin tube 6 sealed in the stem 3L functions as an 
exhaust tube to make the exhaust after the airtight con- 
tainer 1 is bent. 

[0078] A discharge electrode 2 composed of a coil 
filament is connected between ends of the lead wires 4, 
4 and 4', 4* and the other ends of the lead wires 4, 4 and 
4', 4* are lead to the outside of the airtight container 1 . 
[0079] The mercury emission body composed of 
amalgam pellet is fused and fixed between the sealing 
portion 1a at the stem 3L side and the node formed for 
chucking the airtight container when bending it. This 
mercury emission body 5 is a granulated zinc-mercury 
alloy in diameter about 1 mm, filled from the thin tube 6 
after bending the airtight container 1, fused and fixed by 
blowing hot air from the outside of the sealing portion 
1a. Further, amount of mercury discharged into the air- 
tight container 1 from the mercury emission body 5 is 
about 6 mg. Further, the mercury emission body 5 in 
this embodiment is fixed but it is not necessarily fixed to 
get the stabilized characteristic of startup and can be 
filled movably in the airtight container 1. However, if the 
mercury emission body 5 was fixed in the airtight con- 
tainer 1 , a sound generated by a vibration applied to the 
ring type fluorescent lamp during transportation and 
mounting can be suppressed and may not possibly 
damage the fluorescent membrane and the electrodes 
2 and 2' that will be described later. Further, if the mer- 



cury emission body 5 is housed in the thin tube 6, the 
fixing process and control can be omitted. Further, for 
the heating required to fuse and fix the mercury emis- 
sion body 5 or discharge mercury, it is possible to utilize 

5 heat left after heating the airtight container in the 
exhausting and bending process in addition to a method 
to brow hot air as described above. 
[0080] The stems 3L and 3S have different lengths 
from the sealing portion 1a and la'. That is, the length 

10 Sh of the stem tube of the stem 3L is about 27 mm and 
the mount height Mh (a length from the sealing portion 
la to the electrode 2) is about 37 mm. Further, the 
length Sh* of the stem tube of the stem 3S is about 13 
mm and the mount height Mh* is about 22 mm, and this 

75 stem 3S is in the same size of a conventional product. 
[0081 ] On the inner surface of the airtight container 
1, the fluorescent membrane 7 made of three band 
luminous type rare earth metal phosphor or continuous 
band luminous type halo-phosphate phosphor is 

20 formed. For instance, a protective membrane compris- 
ing alumina (Al 2 0 3 ) fine grain is formed on the inner sur- 
face of the airtight container 1 and this fluorescent 
membrane 7 may be formed on this protective mem- 
brane. Mercury and such rare gas as argon (Ar), kryp- 

25 ton (Kr), neon (Ne), xenon <Xe) are filled in the airtight 
container 1 independently or in mix as a discharge 
retaining medium. In this embodiment. 100% of argon 
(Ar) is filled in the airtight container 1 at the pressure 
about 2.5 Torr. 

30 [0082] A base 9 is mounted between the sealing 
portions 1a and 1a* by bridging them at both ends of the 
airtight container 1 . Four terminal pins 91 electrically 
connected to the electrode are projected from this base 
9 inclined to the central side of the airtight container 1 . 

35 The spaces between of the vertical and lateral points of 
these four terminal pins 91 are about 6 mm and 10 mm, 
differing from the sizes of pin spaces of a conventional 
standardized base so that conventional sockets are not 
mounted to the base 9, thus preventing their erroneous 

40 insertion. 

[0083] The ring type fluorescent lamp 10 2 is 
mounted and supported on a lamp holder (not shown) 
of a lighting device and the socket is inserted into the 
terminal pins 91 , supplied with electric power via a high 
45 frequency lighting circuit, causing discharge and lights 
up the lamp. 

[0084] Next, the operation in this embodiment will 
be described. On the ring type fluorescent lamp 1Q 2 , the 
luminescence is continued by the discharge taken place 

so between the electrodes 2 and 2' and the temperature of 
the airtight container 1 rises. The point where a temper- 
ature becomes most high by this lighting is near the 
electrodes 2 and 2'. Further, the most low temperature 
point is the sealing portion la that is formed in a ring 

55 shape by the node at the stem 3L side, and this point at 
the most low temperature becomes the cold spot. 
[0085] As shown in FIG. 6, it is seen that in the state 
wherein the ring type fluorescent lamp 10 2 is mounted 



7 



BNSDOCID: <EP 1043752A1_I_.> 



13 



EP 1 043 752 A1 



14 



horizontally in a lighting device (not shown), the mer- 
cury emission body 5 is fixed at a position below the 
sealing portion 1a. When the ring type fluorescent lamp 
1 0 2 lights horizontally, the cold spot is formed at a point 
below the sealing portion la where the mercury emis- 
sion body 5 is fixed and therefore, it becomes possible 
to collect mercury effectively by utilizing the action of the 
mercury adsorbing force of the mercury emission body 
5 when mercury is collected to the cold spot 
[0086] In this embodiment, the mercury emission 
body 5 was fixed at a point below the sealing portion la 
because the cold spot is formed below the sealing por- 
tion la. However, when the cold spot is formed in the 
thin tube 6, it is desirable to fix the mercury emission 
body 5 in the thin tube 6. 

[0087] In case of a conventional ring type fluores- 
cent lamp of 29 mm in tube outer diameter, the cold spot 
is formed at the central part of an airtight container that 
is most away from a pair of electrodes in many cases. In 
case of the ring type fluorescent lamp in this embodi- 
ment, the inner diameter of its tube is as thin as 20 mm 
or below and its inner wall load of the lamp bulb (input 
power per surface area in the tube) is as large as above 
500 W/m 2 and therefore, the temperature becomes low 
at the sealing portion la at the stem 3L side having a 
larger mount height Mh than the central portion of the 
airtight container, that is the middle of the discharge 
path and the cold spot is formed here. In particular, the 
cold spot formed at the stem 3L side has a merit that it 
.is hardly affected by the discharging heat as it is away 
by more than 30 mm from the electrode 2 and the dis- 
charge path, and it is possible to keep the cold spot at a 
relatively proper temperature even when housed in a 
lighting device with a shade and a temperature in the 
device is high. Accordingly, by bring the mercury vapor 
pressure close to an optimum value, it is possible to 
suppress the drop of luminous output and improve lumi- 
nous efficacy even when the lamp is kept lighted contin- 
uously in the state of a high ambient temperature. 
[0088] According to the experiments conducted by 
this inventor, etc., it was confirmed that above men- 
tioned effect is presented when the mount height of the 
stem 3L is made to 30-50 mm and the stem tube height 
Sh to 20-40 mm on the ring type fluorescent lamp 1 0 2 of 
which outer diameter of the airtight container 1 was 
made as thin as 14-18 mm (thickness in 0.8-1.3 mm). 
When the mount height Mh of the stem 3L is less than 
30 mm, the thin tube 6 or the sealing portion la is 
affected by the heat generated from the discharge and 
does not act as the cold spot. Further, when the mount 
height is above 50 mm, the electrode portion comes 
close to the wall of the curved airtight container 1 and 
damages the fluorescent membrane or the shadow of 
the electrode portion is reflected on the airtight con- 
tainer which are not desirable and a good result was 
shown at the mount height 35-45 mm which varies 
depending on kind of fluorescent lamp. 
[0089] Further, regarding the stem tube height Sh 



of the stem of 3L 20-40 mm is desirable from the man- 
ufacturing point of view and when considering the effect 
of heat from the discharge. 

[0090] When the mount height Mh of the stem 3L of 

5 the ring type fluorescent lamp 10 2 in this embodiment 
was made to 37 mm, the mount height Mh' of the stem 
3S was made to 23 mm, the lamp was turned ON at a 
lamp voltage 125V, lamp current 380mA and lamp 
power 48W and the initial luminous flux was measured 

10 in the atmosphere at ambient temperature 35°C when 
100 hours were elapsed after the lamp was turned ON, 
it was confirmed that the lamp lighted at high efficiency 
of total luminous flux 4250 Im and 86.8 Im/W. On the 
other hand, when the initial luminous flux was measured 

is at an ambient temperature 35°C at the same lamp 
power with both mount heights Mh and Mh' of the stems 
3L and 3S made at 23 mm, the lamp efficacy dropped 
by about 5% and it is therefore seen that the lighting effi- 
cacy of the ring type fluorescent lamp 10 2 in this 

20 embodiment was improved particularly in a high tem- 
perature atmosphere. 

[0091] Further, when the ring type fluorescent lamp 
10 2 in this embodiment horizontally lights, the cold spot 
is formed at the sealing portion 1a. mercury in the air- 

25 tight container 1 is collected quickly to the cold spot 
through diffusion of mercury vapor, luminous flux starts 
up rapidly and the lamp characteristic is stabilized. An 
amount of mercury filled in the airtight container after 
collected at the cold spot is as small as about 6 mg and 

30 therefore, there is no phenomenon that mercury is 
moved to other portion from the cold spot by a vibration, 
etc. 

[0092] Further, because the cold spot is formed at 
the position below the sealing portion 1a where the mer- 
35 cury emission body 5 is fixed, mercury can be collected 
effectively utilizing the action of the mercury adsorbing 
force of the mercury emission body 5 when mercury is 
collected at the cold spot. 

[0093] FIG. 7 is a graph showing the result of the 

40 second measurement, and relative values of luminous 
flux are shown on the axis of ordinates and the lighting 
elapsed times are shown on the axis of abscissas. In 
this diagram, (iii) shown by the solid line is the ring type 
fluorescent lamp in the second embodiment and (iv) 

45 shown by the broken line is a ring type fluorescent lamp 
used as an example for comparison. The ring type fluo- 
rescent lamp of the comparison example is in the same 
structure as the ring type fluorescent lamp in the second 
embodiment except that 20 mg of liquid pure mercury is 

so filled instead of a mercury emission body. 

[0094] As can be seen from the graph shown in 
FIG. 7, the ring type fluorescent lamp of the second 
embodiment reached 100% of the relative luminous flux 
value and was saturated in about 3 minutes after started 

55 to light, while the ring type fluorescent lamp of the com- 
parison example reached 100% of the relative luminous 
flux value within 3 minutes after started to light but 
thereafter, the luminous flux dropped by about 8.5% and 
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the unstable output was continued for a certain time. 
Then, when about 80 minutes was elapsed after started 
to light, 100% of relative luminous flux value was 
reached again. 

[0095] It is considered that the luminous flux of the 
ring type fluorescent lamp for comparison becomes 
unstable because the cold spot is formed at the sealing 
portion 1a in the airtight container and mercury begins 
to be collected thereto but vapor pressure becomes 
unstable until it is condensed fully at the cold spot as 
there is much excess mercury. 

[0096] Next, a double ring type fluorescent lamp 
and a compact type fluorescent lamp in the third and 
fourth embodiments will be described referring to FIG. 8 
and FIG. 9. The same component elements as those in 
the first and second embodiments will be assigned with 
the same reference numerals and the explanations 
thereof will be omitted. 

[0097] FIG. 8 is a schematic plan view of the double 
ring type fluorescent lamp in the third embodiment. The 
double ring type fluorescent lamp 10 3 is provided with 
airtight containers 1 and V as first and second ring type 
tubes, which are in different diameter each other. These 
airtight containers 1 and 1 * are positioned in the shape 
of concentric circle on the same plane surface and con- 
nected by a bridge 8. Further, the inner diameter of 
these airtight containers 1 and V is about 18 mm and 
the outer diameters are 334 mm and 400 mm, respec- 
tively. 

[0098] At one end side of these airtight containers 1 
and V, the first and second electrodes 2 and 2' are 
arranged. The bridge 8 is formed at the point 18-26 mm 
away from the other ends 1c and 1c' of the airtight con- 
tainers 1 and 1 ' so as to produce a discharge space to 
cause the discharge between the electrodes 2 and 2'. 
[0099] Between the bridge 8 and the other ends 1 c 
and 1c' of the airtight containers 1 and V, there is a no- 
discharge path formed area 13 wherein no discharge 
path is formed and this no-discharge path formed area 
1 3 becomes the cold spot. 

[0100] On the inner surface of the airtight container 
V in the no-discharge path formed area 13, the granu- 
lated mercury emission body 5 comprising a zinc-mer- 
cury alloy of 1 mm in diameter is fixed likewise the 
second embodiment. 

[0101] The base 9 is installed over one ends and 
the other ends 1c and 1c' of the airtight container 1 and 
1 '. Further, the base 9 is installed on the airtight contain- 
ers 1 and 1 ' so as not to cover the bridge 8 and a part of 
the no-discharge path formed area 13. 
[0102] In case of the double ring type fluorescent 
lamp 10 3 in the third embodiment, the cold spot is 
formed in the no-discharge path formed area 1 3 with the 
lighting of the fluorescent lamp likewise the above-men- 
tioned embodiments, mercury in the airtight containers 
1 and 1 ' is quickly collected to the cold spot by diffusion 
of mercury vapor, luminous flux starts up fast and the 
lamp characteristic is stabilized. As an amount of mer- 



cury in the airtight containers is as small as about 6 mg, 
the mercury collected at the cold spot is not moved to 
other portion by a vibration, etc. In this case, the mer- 
cury diffusion route is formed from the end 1c', where 
5 the mercury emission body 5 is fixed, to the electrodes 
2 and 2\ respectively and therefore, the amount of mer- 
cury filled is below the upper limit value that is an added 
value of upper limit values specified tor each of these 
two mercury diffusion routes. In case of this embodi- 
10 ment, an upper limit value of the filled amount of mer- 
cury for each mercury diffusion route, when computed, 
is 4.5 mg and therefore, the upper limit value of filled 
amount of mercury of the whole mercury diffusion route 
becomes 9 mg. 
75 [01 03] Further, as the cold spot is formed in the no- 
discharge path formed area 13 wherein the mercury 
emission body 5 is fixed, it is possible to collect mercury 
effectively utilizing the action of mercury adsorbing force 
of the mercury emission body 5 when mercury is <x>\- 
20 lected to the cold spot. 

[0104] Further, when the cold spot is formed in thin 
tubes (not shown) formed at the other ends 1c and 1c', 
it is desirable to arrange the mercury emission body 5 in 
the thin tube. However, if the lamp characteristic is sta- 
25 be, the mercury emission body 5 may be filled in the air- 
tight containers 1 and V in the movable state. 
[0105] FIG. 9 is a schematic plan view of the com- 
pact type fluorescent lamp in the fourth embodiment 
[0106] The compact type fluorescent lamp 10 4 has 
30 the airtight containers 1 and 1 ' as parallel straight tubes. 
These airtight containers 1 and 1* are connected each 
other by the bridge 8. Further, the inner diameter of 
these airtight containers 1 and 1' is about 15 mm and 
the tube length is about 1 ,150 mm, respectively. 
35 [01 07] At one end of these airtight containers 1 and 
1', first and second electrodes (not shown) are 
arranged. The bridge 8 is formed at the point 30 mm 
away from the other ends 1c and 1c' of the airtight con- 
tainers 1 and V so as to produce a discharge space for 
40 causing the discharge. 

[0108] Between the bridge 8 and the other ends 1c 
and 1c' of the airtight containers 1 and 1\ there is a no- 
discharge path formed area 13 wherein no discharge 
path is formed and the no-discharge path formed area 
45 13 becomes the cold spot. 

[01 09] On the inner surface of the airtight container 
V in the no-discharge path formed area 13, the granu- 
lated mercury emission body 5 comprising a zinc-mer- 
cury alloy of about 1 mm in diameter is fixed likewise the 
so second embodiment. 

[0110] The base 9 is mounted on one end side of 
the airtight containers 1 and 1 '. 

[01 1 1 ] In case of the compact type fluorescent lamp 
10 4 in the fourth embodiment, the cold spot is formed in 
55 the no-discharge path formed area 13 and with the light- 
ing of the fluorescent lamp, mercury in the airtight con- 
tainers 1 and 1 ' is quickly collected to the cold spot by 
diffusion of mercury vapor, luminous flux is fast gener- 
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ated and the lamp characteristic is stabilized likewise 
the embodiments described above. As an amount of 
mercury in the airtight containers is as small as about 6 
mg, there is no phenomenon that the mercury collected 
at the cold spot is not moved to other portion by vibra- 
tion, etc. 

[01 1 2] Further, as the cold spot is formed in the no- 
discharge path formed area 13 wherein the mercury 
emission body 5 is fixed, it is possible to collect mercury 
effective by utilizing the action of the mercury adsorbing 
force of the mercury emission body 5 when mercury is 
collected to the cold spot. 

[01 1 3] Further, when the cold spot is formed in thin 
tubes (not shown) formed at the other ends 1c and 1c\ 
it is desirable to arrange the mercury emission body 5 in 
the thin tube. However, if the lamp characteristic is sta- 
ble, the mercury emission body 5 may be filled movable 
in the airtight containers 1 and 1'. 
[0114] According to the present invention, the cold 
spot is formed at one end of a fluorescent lamp and 
mercury is filled in an airtight container by a mercury 
emission body and therefore, there is almost no excess 
mercury in the airtight container, luminous flux starts up 
fast, mercury collected in the cold spot scarcely moves 
to other portions and the lamp characteristic is stabi- 
lized. 

[01 1 5] Further, the startup of luminous flux referred 
to here does not mean a temporary rise of luminous flux 
that drops after once rising with start-up lighting and 
continuous mercury vapor pressure rise exceeding the 
maximum efficacy with subsequent temperature rise but 
indicates the startup of stabilized luminous flux in a 
short time- 
Claims 

1. A low-pressure mercury vapor discharge lamp 
comprising: 

a translucent airtight container; - 
a pair of electrodes mounted in the airtight con- 
tainer at both ends and arranged so that a dis- 
tance from one of the ends is longer than that 
from the other end; 

a mercury emission body filled in the airtight 
container; and 

discharge medium including mercury dis- 
charged from the mercury emission body and 
inert gas. 

2. A low-pressure mercury vapor discharge lamp 
according to claim 1 , wherein the airtight container 
is in a ring type. 

3. A low-pressure mercury vapor discharge lamp 
according to claim 1 or 2, wherein the mercury 
emission body is arranged at one of the electrode 
sides. 



4. A low-pressure mercury vapor discharge lamp 
according to claim 3, wherein the mercury emission 
body is arranged at the position below one of the 
electrode side when a discharge lamp is mounted 

5 in a lighting device in a horizontal state. 

5. A low-pressure mercury vapor discharge lamp 
comprising: 

ro a first and a second ring type tubes in different 

diameters and positioned in the concentric cir- 
cle shape on the same plane surface; 
a first and a second electrodes provided at one 
ends of the first and the second ring type tubes; 

75 a bridge that is formed through a discharge 

space at a position away from the other ends of 
the first and the second ring type tubes so as to 
produce the discharge between the first and 
the second electrodes; 

so a no-discharge path formed area that is formed 

between the bridge and the other ends of the 
ring type tubes; 

a mercury emission body filled in a ring type 
tube so as to be arranged in the no-discharge 
25 path formed area; and 

a base to cover a part of the no-discharge path 
formed area at one ends and the other ends of 
the ring type tubes. 

30 6. A low-pressure mercury vapor discharge lamp 
comprising: 

a first and a second straight tubes; 

a first electrode formed at one end of the first 
35 straight tube and a second electrode formed at 

one end of the second straight tube; 

a bridge formed through a discharge space at a 

position away from the other ends of the first 

and the second straight tubes so as to produce 
40 the discharge between the first and the second 

electrodes; 

a no-discharge path formed area formed 
between the bridge and the other ends of the 
straight tubes; 

45 a mercury emission body filled in one of the 

first and the second straight tube so as to be 
arranged in the no-discharge path formed area; 
and 

a base to cover one end side of the straight 
so tubes. 

7. A low-pressure mercury vapor discharge lamp 
according to one of claims 1 through 6, wherein the 
mercury emission body is a pellet shape alloy com- 

55 prising mercury and at least one kind out of a group 
comprising Bi, Zn, Sn, Pb, Ag, In, Cu and Sb. 

8. A low-pressure mercury vapor discharge lamp 
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according to claim 1 or 2, wherein the mercury 
emission body is a pellet of porous medium princi- 
pally comprising at least one kind out of a group of 
comprising silica, alumina, titania, iron and glass, 



9. A low-pressure mercury vapor discharge lamp 
according to claim 1 or 2, wherein the mercury 
emission body is coated with a titanium-mercury 
alloy on the metallic base surface. 10 

10. A low-pressure mercury vapor discharge lamp 
according to claim 1 or 2, wherein the mercury 
emission body is a capsule containing mercury 
inside so as to be able to discharge. *s 

11. A low-pressure mercury vapor discharge lamp 
according to one of claims 1 through 10, wherein a 
fluorescent membrane is formed in the airtight con- 
tainer so as to light at a inner wall load of lamp bulb 20 
500 VWm 2 or above. 

12. A low-pressure mercury vapor discharge lamp 
according to one of claims 1 through 1 1 , wherein a 
length of each mercury diffusion route from the cold 25 
spot formed in a container to the end of the con- 
tainer that is most away from the cold spot is more 
than 400 mm, an amount of mercury filled for each 
mercury diffusion route is less than 6 mg within the 
range of the mercury diffusion route length of 400- 30 
500 mm, and when the length of the mercury diffu- 
sion route is over 500 mm, the following relationship 

is satisfied: 



where, S (cm 2 ) is a surface area inside a tube when 
the length of the mercury diffusion route is over 500 
mm and M (mg) is an amount of filled mercury for 
every mercury diffusion route. *o 

13. A lighting system comprising: 

a low-pressure mercury vapor discharge lamp 
according to one of claims 1 through 12; 45 
a lighting device to light the low-pressure mer- 
cury vapor discharge lamp stably; and 
a main body accommodating the low-pressure 
mercury vapor discharge lamp and the lighting 
device. 50 



impregnated with mercury. 
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